Interactive comment on 'DMS oxidation and sulfur aerosol formation in the marine troposphere: a focus on reactive halogen and multiphase chemistry' by Chen et al.
The present paper represents a first 3D simulation of the dimethyl sulphide (DMS) oxidation by multiphase chemistry processes in the troposphere into SO2 and methane sulfonic acid (MSA) . For this purpose, the authors apply the global chemical transport model GEOS-Chem and have strictly revised the implemented DMS oxidation scheme following recent insights in tropospheric multiphase DMS oxidation. Therefore, the authors include 12 new reactions describing the oxidation in the gas (7) and aqueous phase (5). For the first time, the aqueousphase oxidation of DMS oxidation products are treated in a global simulation. Therefore, two new important oxidation intermediates are implemented, dimethyl sulfoxide (DMSO) and methane sulphinic acid (MSIA). While DMSO was already implemented in other global modelling studies, the oxidation of MSIA is dealt in a global chemical transport model for the first time to the reviewer knowledge.
The results show that multiphase chemistry processes decrease the yield of SO2 and increases the yield of MSA. Multiphase chemistry processes are important for a better representation of measured DMS concentrations and MSA/nss-SO4 2ratios.
The paper is well-written and organized. The implementation of multiphase chemistry, the mechanism and the technical implementation is well described. The discussion of the results is expedient and understandable.
However, the mechanism has to be strictly revised to be consistent with the current box and 1D modelling studies as well as laboratory results.
General comments
1) The oxidation of DMS by OH happens by two pathways: H-abstraction from the methyl group and OH-addition onto the sulphur atom. The H-abstraction pathway leads predominantly to SO2. The OH-addition pathway leads predominantly to DMSO should be dimethyl sulfoxide (DMSO2), which will be predominantly being further, but slowly, oxidised into SO2. Thus, to close the mass balance, a 0.05 yield of SO2 should be implemented.
5) The oxidation of DMS can also affect new particle formation. As the authors have stated the formation of MSA by aqueous-phase chemistry will not result in new particle formation. I am missing a discussion how the newly implemented multiphase DMS chemistry scheme affects new particle formation. Have the authors investigated how new particle formation is changed between Rall and Rstd? Please address this issue in the discussion of the model results.
Minor comments
1) The term 'multiphase' means connection of oxidation in gas and aqueous phase.
Therefore, the usage of multiphase mechanism or multiphase oxidation addressing oxidation in the aqueous phase is wrong. It has to be stated aqueous-phase mechanism or aqueous-phase oxidation.
2) The conversion yield of DMS into SO2 and MSA with the new approach is 78% and 13%, respectively. The addition of these numbers does not reach 100%. What are the residual 9%? Are this DMSO and MSIA? These also needs to be stated. 12) Page 9 Line 1: Once MSIA is formed, it is quickly, nearly instantaneous, further oxidised in the atmosphere. If 66% of the precursor DMOS stay below 2 km altitude, which processes trigger the 17% smaller contribution of MSIA?
